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Abstract—The next generation wireless networking (4G) is 
envisioned as a convergence of different wireless access 
technologies with diverse levels of performance. Vertical handoff 
(VHO) is the basic requirement for convergence of different 
access technologies and has received tremendous attention from 
the academia and industry all over the world. During the VHO 
procedure, handoff decision is the most important step that 
affects the normal working of communication. In this paper, we 
propose a novel vertical handoff decision algorithm, Self-
Adaptive VHO Algorithm (SAVA), and compare its performance 
with conventional algorithms. SAVA synthetically considers the 
long term movement region and short term movement trend of 
mobile hosts, and achieves a good integrative handoff 
performance.  
Keywords-heterogeneous wireless networks, vertical handoff, 
horizontal handoff  
I.  INTRODUCTION 
The next generation wireless networking (4G) is envisioned 
as a convergence of different wireless access technologies with 
diverse levels of performance. Wireless wide area networks 
(WWANs) provide a wide range of access but at a low 
transmission rate. Wireless local area networks (WLANs), on 
the other hand, cover a short range area but provide high 
bandwidth services. These different networks can coexist to 
complement the different characteristics of each other and thus 
form a heterogeneous wireless environment.  
Handoff (HO) is the mechanism by which an ongoing 
connection between a mobile terminal or host (MH) and a 
correspondent terminal or host (CH) is transferred from one 
point of access to the fixed network to another [1].  
In heterogeneous wireless networks, handoff can be 
separated into horizontal handoff (HHO) and vertical handoff 
(VHO). A horizontal handoff is made between different access 
points using the same network interface. A vertical handoff is a 
handoff between access networks with different wireless 
technologies. 
There are three strategies for handoff decision mechanisms 
[1]: mobile-controlled handoff (MCHO), network-controlled 
handoff (NCHO), and mobile-assisted handoff (MAHO). 
MCHO is used in IEEE 802.11 WLAN networks, where the 
MH continuously monitors the signal of an AP and initiates the 
handoff procedure. NCHO is used in cellular voice networks, 
where the decision mechanism of handoff control is located in 
a network entity. MAHO has been widely adopted in the 
current WWAN, such as GPRS, where the MH measures the 
signal of surrounding BSs, and the network then employs the 
information and decides whether or not to trigger handoff. 
During VHO, only MHs have the knowledge about what kind 
of interfaces they are equipped with. Even if the network has 
this knowledge, there may be no way to control another 
network that the MH is about to handoff to. Therefore, MCHO 
and further assistance from the networks is more suitable for 
VHO [2]. 
In wireless networks, signal quality and related metrics play 
an important role when deciding which interface to use. 
Traditional HHO algorithms are all based on the received 
signal strength (RSS) from the serving point of attachment and 
neighboring points of attachment [1]. In order to avoid the 
ping-pong effect, additional parameters such as threshold, 
hysteresis and dwelling timer can be used solely or jointly in 
the handoff decision process. In heterogeneous wireless 
networks, even though the functionalities of access networks 
are different, all the networks use a separate signal with a 
constant transmit power to enable RSS measurements. Thus a 
great deal of VHO algorithms use RSS as the basic criterion for 
handoff decision [3] [4][5][6].  
More parameters may be employed to make more 
intelligent decisions. [2] proposes a bandwidth-aware VHO 
technique, which considers the residual bandwidth of WLAN, 
besides RSS, as the criterion for handoff decisions. However, it 
relies on the QBSS load defined in IEEE 802.11e to estimate 
the residual bandwidth in the WLAN. 
Recently, some handoff algorithms based on neural 
networks or fuzzy logic systems [7] [8] are emerging, with the 
purpose of improving the accuracy and effectiveness of the 
handoff procedure. However, the complexity of such 
algorithms may be a mission impossible for the MH with 
limited computing and storage capability. In addition, training 
of the neural network has to be done beforehand. 
In this paper, based on the analysis of hysteresis based and 
dwelling-timer based algorithms, we proposed a novel vertical 
handoff decision algorithm, Self-Adaptive VHO Algorithm 
(SAVA). SAVA synthetically considers the long term 
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movement region and short term movement trend of MH, and 
achieves a better integrative handoff performance.  
The rest of the paper is structured as follows. Section II 
proposes a novel self-adaptive VHO decision algorithm, SAVA, 
for VHO in heterogeneous wireless networks. Section III 
verifies the feasibility and effectiveness of SAVA, and 
compares its performance with conventional algorithms. The 
paper is concluded in section IV. 
II. SELF-ADAPTIVE VHO ALGORITHM 
In this paper, we take GPRS and WiFi network as the 
representative of WWAN and WLAN respectively. However, 
the proposed decision algorithm is readily extensible to VHO 
between any other WWAN and WLAN. 
In order to evaluate the performance of VHO algorithms, 
we have defined two metrics: matching ratio (MR) and average 
ping-pong number (APN) in [9]. The design of VHO 
algorithms should consider how to optimize the tradeoff 
between MR and APN. 
In real environment, GPRS network can be assumed to 
support global coverage, in which WiFi segments are only 
small insulated islands.  In this way, the signal strength of 
GPRS can be considered as a default constant in handoff 
decision. Thus a great deal of researches uses the RSS of 
WLAN beacon as the basic criterion for handoff decision [2]. 
Assume the distance from MH to AP is d and when d=ϕ , the 
RSS of WiFi is equal to RSS threshold: RSS0. We define that 
DRSS=RSSWiFi－RSS0. Thus when d=ϕ , DRSS=0. 
Let samples of DRSS be taken at equally spaced time 
intervals: T seconds. 
Let SN denote all the information available for decision 
making at Nth sampling instant, i.e. 
),,),1()...,1(),(( 1−+−−= NRSSRSSRSSN MKPNDNDNDS φ
 (1) 
In (1), )}1(),...1(),({ +−− PNDNDND RSSRSSRSS  is 
the sequence of the latest P samples of DRSS. 
DRSS (N) is the latest sample of DRSS. 
K is the sampling instant of last handoff. 
M is the sampling instant when MH passes the position of 
d=ϕ   last time. 
Nφ  is the network selection at sampling instant N, which is 
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0=Nφ  is an illegal state.  
Thus 1－Nφ is the network selection at sampling instant N-1. 
Based on the above definitions, we can reach the following 
conclusion: if 0<⋅ YX φφ  (X<Y), network selection at 
sampling instant X and Y are different, which means that there 
is at least one handoff between X and Y.  When Y=X+1, it 
means that there is a handoff at sampling instant Y. 
Thus we can get the following expressions for K and M: 
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Based on the definition of Nφ , the handoff policy of the 
hysteresis based algorithm (HY) can be described by the 
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The handoff policy of HY can be expressed as: 
yRSSNNN hND >⋅−↔<⋅ −− )()sgn(0 11 φφφ               (7) 
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Also, we can get the handoff policy of the dwelling-timer 
based algorithm (DW) (tdw is the dwelling-timer ): 
dwRSSNNN tTMNND >⋅−⋅⋅−↔<⋅ −− )())(sgn(0 11 φφφ  
(9)  
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The purpose of HY and DW algorithms is to avoid ping-
pong effect. However, the hysteresis in HY and dwelling-timer 
in DW will add to the handoff latency. In other words, HY and 
DW try to reduce APN at the cost of MR. 
Now, we will analyze the performance of HY and DW 
during VHO from GPRS to WiFi (G W). W G handoff can 
be analyzed in the same way.  
Consider the movement scenario as showed in Fig.1, where 
the coverage area of WiFi is a circle whose centre is the AP.  
MH’s velocity vector is TR VVV += . RV  is the radial 
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component and TV  is the tangential component. TV has no 
effect on signal strength and handoff trigger. Thus in the 
following analysis, unless specified otherwise, the velocity of 
MH only refers to RV .  
 
Figure 1.  MH’s motion analysis 
The analysis is restricted to short time horizons over which 
it may be assumed that the MH is moving on a straight line 
with fixed speed v. Assume that when the distance from MH to 
AP is += dd , DRSS=hy. Thus the sampling instant of handoff 
in HY and DW can be described as follows: 









N dwDW +=                                   (12) 
Assume the radius of the coverage area of WiFi is R. The 
coordinates of AP is (0, 0). Thus there will be R> ϕ > +d . 
Assume MH takes one point at the circle of d=R as the origin, 
and moves towards AP by a uniform rectilinear motion. When 
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From (13) we can see that, the MR of HY has no relation 
with v. In contrast, the MR of DW will reduce linearly as v 
increases until reaching a lower limit. 
Assume that when v=vHO, HY and DW trigger handoff at 
the same sampling instant. Thus +−=⋅ dtv dwHO ϕ         (15)  
From (11)-(15) we can get the following conclusions: 
 When v>vHO, there will be NHY <NDW, which means HY 
will trigger G W handoff earlier. Thus the MR of HY 
should be higher than that of DW. 
 When v<vHO, there will be NHY >NDW, which means DW 
will trigger G W handoff earlier. Thus the MR of DW 
should be higher than that of HY. 
A simple method to improve MR is to use the HY algorithm 
when v>vHO and use the DW algorithm when v<vHO. However, 
it is difficult to get the velocity of MH，especially RV . In a 
practical environment, we must get the position coordinates of 
MH and periodically determine their changes to calculate the 
velocity of MH. Constantly monitoring the MH’s accurate 
position is expensive, power consuming, and subject to the 
influence of the environment.  
In order to improve the MR, let’s examine the handoff 
conditions of HY and DW again. Equation (7) and (9) can be 















Thus we can design a new VHO algorithm, NVA, whose 

























Compared with HY and DW, NVA can achieve better MR, 
as shown in Fig.2:  
 
Figure 2.  MR of HY, DW and NVA as v changes 
However, NVA improves MR by triggering handoff earlier. 
As a result, it may result in a severe ping-pong effect.  
In order to improve the APN of NVA, we add a dynamic 






















PP_Length is the length of the time-scale in the definition 
of the ping-pong effect. IN is the interval between the latest two 
handoffs, which can be defined as: 
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According to equation (21), the algorithm makes the 
handoff decision only based on the long term movement region 
and the current position of MH, without analyzing the trend of 
DRSS. In order to achieve higher MR without adding the 
possibility of the ping-pong effect, we analyze the movement 
trend of MH in a short period based on the latest P samples of 
DRSS and present a Self-Adaptive VHO Algorithm (SAVA), 























TDRSS(N) is defined as: 
NRSSRSS MANDNTD ⋅= )()(                             (23) 
where MAN indicates the movement trend of MH and can 


















The influence of MAN and TDRSS (N) on the handoff trigger 
in SAVA is shown in Table.I: 
TABLE I.  INFLUENCE OF TDRSS (N) ON HANDOFF TRIGGER IN SAVA 
HO MAN TDRSS(N) Movement of MH Influence 
G W 1 >0 Move towards AP Advance HO 
G W -1 <0 Move towards BS Delay HO 
W G 1 >0 Move towards AP Delay HO 
W G -1 <0 Move towards BS Advance HO 
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The SAVA algorithm synthetically considers the long term 
movement region and short term movement trend of MH and 
achieves a good integrative handoff performance. What’s more, 
the related computing requirement is very simple to be suitable 
for mobile devices with limited computing capacity.     
III. PERFORMANCE EVALUATION 
We take the evaluation model 4 in [9] to verify the 
effectiveness of SAVA, which can be show in Fig.3. Assume 
MH takes a random rectilinear motion without pause in the 
square as shown in Fig.3. The side length of the square is a. 
The position coordinates of the square’s four vertices are 
{(u,u),(u+a,u),(u+a,u+a),(u,u+a)}. MH takes A as origin 
point, and after a sequence of random rectilinear motion, it 
reaches destination B. 
 
Figure 3.  Evaluation Model illustration 
Unless specified otherwise, the simulation parameters are 
as follows. The coverage area of WiFi is a circle with a radius 
of R=150m. The coordinates of AP is (0, 0). Assume that when 
the distance from MH to AP is += dd , DRSS=hy; when 
−= dd , DRSS=-hy.  In simulations, we set =+d 120m and 
=−d  135m. Thus −+= ddϕ  =127.279m. The sampling 
interval T=0.05s. tdw in DW is 5s. In addition, we set STEP=2, 
PP_Length=10s, and P=5 in SAVA. 
We respectively set maxv=2m/s and 20m/s, and generate 
more than 1,000,000 groups of movement loci for MH. Fig.4 -
Fig.7 show the results for different sets of {a, maxv}. a is the 
side length in meter of the square in Fig.3. In these figures, 
besides MR, we also show the WiFi MR and GPRS MR. WiFi 
MR means the time percentage of choosing WiFi when DRSS>0, 
while GPRS MR means the time percentage of choosing GPRS 
when DRSS<0.  
 
Figure 4.  MR of HY for different sets of {a, maxv} 
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Figure 5.  MR of DW for different sets of {a, maxv} 
 
Figure 6.  MR of SAVA for different sets of {a, maxv} 
   
Figure 7.  APN of HY, DW and SAVA for different {a, maxv} 
From Fig.4 -Fig.7, we can see that when the moving speed 
of MH is slow (maxv=2m/s), SAVA can achieve better 
performance than HY and DW. When a=50m, the MR of 
SAVA is 93% (14% higher than HY and 3% higher than DW), 
and the APN is only 0.004 per 100s, the same as HY (the APN 
of DW is 0.143 per 100s). When a=100m, the MR of SAVA is 
97% (8% higher than HY and 2% higher than DW), and the 
APN is only 0.002 per 100s. 
When maxv changes to 20m/s, performance of all these 
algorithms decreases to some degree. When a=50m, the MR of 
HY is 79%. However, its APN is 7.191 per 100s, which means 
that the MH comes into a severe ping-pong effect and can not 
maintain normal communication. As far as DW is concerned, 
its APN only increases to 1.124 per 100s, which is an 
acceptable value. However, its MR is only 58%, just 8% better 
than always choosing WiFi or GPRS without any VHO 
operations. In contrast, SAVA’MR is 70.1% and its APN only 
increases to 1.395 per 100s. When a=100m, the MR of SAVA 
is 83% and its APN is 1.734/100s. Compared with HY (MR: 
88%, APN: 4.023 per 100s) and DW (MR: 68%, APN: 1.389 
per 100s), the integrative performance of SAVA is much 
higher.  
In summary, evaluation results show that SAVA is indeed 
effective in increasing MR and reducing APN. 
IV. CONCLUSIONS AND FUTURE WORK 
In this paper, we proposed a novel vertical handoff decision 
algorithm, Self-Adaptive VHO Algorithm (SAVA). SAVA 
synthetically considers the long term movement region and 
short term movement trend of MH, and achieves a good 
integrative handoff performance, outperforming traditional 
hysteresis based and dwelling-timer based handoff algorithms. 
In future work, we will investigate the bandwidth-aware VHO 
technique which considers the residual bandwidth of WLAN, 
in addition to RSS, as the criterion for handoff decisions, and 
does not rely on special network support such as the QBSS 
load. 
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